Background: Managing and taking multiple medications as prescribed can be a difficult task for older adults. In-home medication dispensing technologies could help enhance care. The objective of the study was to determine users' perspectives on a medication dispensing system (MDS) in supporting medication adherence of individuals living at home with chronic conditions. Methods: This analysis is a part of a randomized controlled trial on an MDS in a Western Canadian province. We interviewed participants who were recruited into the intervention group and started using an MDS. A maximum variation purposive sampling was used to select interview participants based on age, number of medications, and health conditions. Results: Thirteen participants were interviewed; most participants were females (n=11) and the average age was 63.7 (SD=8.2) years with an average of 8.9 (SD=3.6) prescribed medications. The most common health conditions were hypertension, diabetes, arthritis, and anxiety and depression. Four main themes emerged from thematic analysis: MDS acceptability, MDS patient support, need for the MDS, and areas of technology improvement. Most of the participants found the MDS to be acceptable and convenient, although privacy and security was an issue for some older adults. Audio and visual reminders and preorganized medication supported participants' medication adherence and independence in daily routines. The perceived necessity of the MDS was split among participants with cost being one of the main concerns. Areas of technology improvement included the hard-to-open plastic medication packets and the sometimes inexact recording of medication adherence by the MDS if medications were dispensed on behalf of the patients. Conclusion: The MDS is an acceptable tool for improving medication management and adherence in older adults. Increased medication adherence may lead to patient and systemlevel benefits.
Introduction
Aging is connected with a higher prevalence of chronic morbidity, resulting in the need for complex medication regimens. Adherence to complex medication regimens is particularly challenging for older adults and seniors. Medication adherence refers to the extent to which patients take medications as prescribed by their healthcare providers. 1 A review has reported around 26% to 59% of those 60 and above are noncompliant with their medication regimens. 2 Multiple factors contribute to poor medication adherence, such as an increase in the number of medications and the frequency of medication intake, and a prolonged course of drug therapy. 3 Nonadherence causes detrimental consequences; many chronic conditions can lead to complications, decrease patients' quality of life, and increase mortality. Given Canadian seniors age 65 and older are prescribed an average of 6.9 medications and one in four are prescribed 10 or more medications, 4 nonadherence and medication management issues are significant challenges for optimizing patient outcomes. 5, 6 Multiple forms of behavioral and educational interventions exist with the aim to improve individuals' medication adherence and medication management. 7 Technological interventions have also been increasingly adopted. These include electronic communication devices (e.g., phones, text messaging devices, pagers, and alarms), 8 smartphone applications, 9 and augmented reality systems. 10 A recent technological development aimed to improve medication adherence is medication dispensing technology. These devices range in complexity, from systems that help organize medications and provide reminders to systems that additionally measure medication adherence and offer inperson intervention.
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The available research on medication dispensing technology use in older populations has largely focused on the technological impact on medication adherence and patient outcomes. The various functions of medication dispensing technologies have been shown to significantly improve medication adherence in community-dwelling older adults with chronic conditions. [12] [13] [14] [15] Studies suggest these kinds of technologies are superior to pill organizers and self-management of medication in helping older adults adhere to their medication regimens. 12, 15 Medication dispensing technologies have been shown to improve patient health outcomes, such as reduced frequency of physician visits and hospitalizations, and reduced prescribed medication overtime attributed to the stabilization of patients' conditions due to medication adherence. 12, 15 Although most evidence concurs that medication dispensing technologies enhance patient health outcomes, one study reported that the integration of medication dispensing technology to home-based nurse care coordination did not appear to improve frail older adults' health outcomes. 16 A limited number of studies have examined the experience of community-dwelling older adults with other medication dispensing technologies. Older adults generally accept and are satisfied with using medication dispensing technologies, finding the technologies easy to use and helpful in reminding them about and managing their medication. 14, 17, 18 Conversely, commonly perceived challenges of the technology include cost 17, 18 and lack of need or desire to use the technology due to physical abilities or disabilities. 15, 18 The views of older adults regarding medication dispensing technologies are divided with some patients finding fixed medication schedules incompatible with their lifestyle, 14, 18 while other patients believe the devices allow for flexibility and do not affect their daily activities.
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The home-based medication dispensing system (MDS) used in this study can monitor and assist older adults with managing their medications. The MDS is a technology that provides medication reminders, pill-dispensing, and other forms of integrated assistance, such as real-time pharmacy, caregiver, or healthcare support and intervention through telehealth capabilities. Understanding patients' perceptions and experiences with the MDS is essential to facilitate future development of the technology and improve medication adherence and health outcomes. The purpose of this study was to determine users' perspectives on the MDS to support medication adherence for individuals living at home with chronic conditions.
Methods Design
This study was conducted from March 2019 to October 2019 in a Western Canadian province; it was part of a larger randomized controlled trial (RCT) on the MDS. A qualitative method was chosen to closely examine participants' views of the MDS. We interviewed participants recruited into the intervention group around a month after they started using the MDS. For the study period, the participants did not incur any cost for the use of the MDS. This research study was approved by the Research Ethics Board at the University of Alberta (Ethics ID: PRO 00087782).
The Medication Dispensing System
The intervention comprised of interactive tools to optimize medication adherence and clinical outcomes. Medication packets were pre-packaged by day and time of administration. The MDS dispensed medications on time with visual and audio reminders. The audio alert amplified if the plastic medication packet was not dispensed from the system. The MDS allowed participants to dispense their medications early if they were going to be away from home. The system also displayed personalized and condition-specific questions (clinical engagement questions) that provided pharmacists opportunities for remote patient intervention, if needed, through telecommunication.
Population and Sample
The research team recruited study participants from a Family Care Clinic (specialized clinic for patients with complex care needs). The majority of the clinic clientele was of low socioeconomic status. Participants were recruited into the study based on predetermined eligibility criteria. The inclusion criteria included: 1) English speakers 2) age 50 and over 3) diagnosed with one or more chronic condition(s) and 4) currently taking five or more prescribed oral medications. Patients with moderate to severe cognitive impairment were excluded from the study as the MDS needs sufficient cognition and decisionmaking ability to operate safely. Healthcare providers in the Family Care Clinic prescreened potential study participants to determine if they were cognitively fit to provide research study consent and suitable to participate in the study prior to referring them to the on-site research team member for recruitment. We used maximum variation purposive sampling based on age, number of medications, and health conditions to select interview participants.
Data Collection
The research team conducted semi-structured interviews through telephone or in-person meetings with study participants. Participants were asked about their acceptance of technology, experience with and perception of using the MDS, and the impact the MDS had on their medication adherence and daily routines (Appendix S1). Participants provided written consent to be recorded and interviewed by the research team. Each interview lasted for 20-30 mins.
Data Analysis
Each recorded interview and corresponding transcription was assigned a unique ID. Thematic analysis was used to generate common themes while recognizing the context and uniqueness of the data. 19 Inductive thematic coding of emerging themes was employed using NVivo 12.
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Using this approach, two research team members conducted multiple close-readings of the transcripts, identified and coded recurring themes and patterns, and explored the possible relationships between themes and explanations. 22 Research and interview questions were used to guide theme development. The interrater reliability between the two researchers was deemed excellent with a Kappa coefficient of 0.85. 23 Consensus was further reached regarding any discrepancies in the identification of broader themes.
Results

Demographic and Clinical Characteristics
A total of 13 participants were interviewed; 12 were MDS users and one was a caregiver of a study participant. Participants interviewed were mostly females (n=11) and the average age was 63.7 (SD=8.2) years. The majority of the participants identified themselves as Caucasian (n=10). All participants were living independently in a community: half were living with a spouse (n=6), and another quarter were living alone in their own residence (n=3). The most common chronic conditions among the participants were hypertension (n=8), diabetes (n=7), arthritis (n=7), and anxiety and depression (n=6). All participants had two or more diagnosed chronic conditions and an average of 8.9 (SD=3.6) prescribed medications ( Table 1) . Four main themes emerged from the thematic analysis of coded transcripts.
MDS Patient Support Support in Medication Management
Participants perceived the alert function of the MDS as a reliable feature that kept them on track and on schedule for their medication regimen. Most participants found the reminders non-intrusive, helped them remember, and ensured they took their medications on time.
I was taking my medications on time, 99% of the time and it seems like my diabetic glucose [level] has gone under seven which is really, really good. So taking my pills on time is helping me with whatever the pills are supposed to do my body.
A few participants described the reminders as interruptive at times, especially when participants required or desired a certain level of flexibility in their schedule. Participants ignored or accidentally disregarded the reminders due to busyness. However, they understood the purpose behind the reminders and the impact on their medication commitment.
Well, it reminds me because sometimes I have forgotten 'oh its lunch time, it's time to take medication' because I get busy sometimes. Sometimes, I have the tendency to say 'oh I'll go get my medication,' but on my way there I get involved in something else and then I forget so this kind of helps me . . .. you know, got to take it out and I take them usually right away.
The MDS assisted users by providing organized medications. It was considered more convenient and safer compared to other medication management methods (e.g., blister pack).
Participants with physical hindrance (e.g., arthritis) that challenged their ability to organize or take the medications themselves found it convenient and beneficial to their conditions. It's just really convenient and I don't have to sort my meds. That's the nice thing, it's all done for me.
Even with the blister packs, I doubled up on [medication] during the heart failure . . ..You're just so sick and you're not there, right? With [the MDS] you can't do that, this is way safer, this is safe.
Support in Daily Life and Routine
Most participants reported that the MDS did not interfere with their life and, in fact, concreted their routines. Further, the feature that allowed participants to dispense their medication early provided them the ability to be mobile and feel more independent. The MDS resulted in perceived improvements in psychological and physical health. Participants shared that they felt less worried and stressed in their lives which helped improve relationships with their family members. In one case, both the caregiver and the care receiver perceived reduced caregiver burden because the participant was taking medications by herself and on time. Another participant specifically attributed her health improvement to the help of the MDS. 
MDS Acceptability
Usability of the MDS Overall, participants were either highly receptive or neutral to using the MDS to manage their medications. Participants liked the usability of the MDS and found it easy to learn and use. The caregiver also positively perceived the usability of the device.
It's easy technology for her [the care reciver] to understand like before if I just show her anything, say on a tablet or a computer, like she wouldn't really get [it] whatsoever but I showed her maybe once, twice on this and now she just does it by herself.
Privacy and Security
One area that perturbed participants' positive attitudes towards using the MDS was privacy and security issues. Medication refill boxes were delivered to participants' 
Need for the MDS
About half of the participants perceived the MDS to be useful but not necessary. Participants who did not perceive a need for the MDS believed it was because their mental and physical faculties were well enough for managing their own medication. However, the same participants believed they would probably need the MDS in the future. They recommended the technology to anyone, old or young, with problems organizing and taking medications and difficulty remembering to take medications due to aging or sickness. In parallel, participants who perceived a need for the MDS ascribed it to the state of their declining health or their inability to manage their medications due to the daily impact of their chronic health conditions. When participants were asked to rate (on a scale of 1-10) their likelihood to recommend the MDS to another older adult to help with medication management, all participants strongly recommended the device, with 10 participants giving a score of 10/10 and the rest giving 9/10. When asked about their satisfaction with the device since the initial use, the ratings were similarly favorable, with 10 participants being very satisfied (10/10). The lowest reported score was 8/10 by two participants. The main reasons behind any deviation from a full rating for both questions were the lack of necessity participants perceived for themselves and, potentially, for others and the cost of leasing the device after the study period. The $100 CAD monthly leasing fee after the study period was a barrier for continuing to use the technology for most participants.
I think [the MDS] is worthwhile, and I think it's a great thing for people to have but the cost of it [is] way too high for a lot of people.
Areas of Improvement Medication Packets
Most of the participants mentioned that the plastic medication packets dispensed by the MDS were not easy to open using their fingers as intended. Opening the medication packets was particularly challenging for participants with physical hindrances. Thus, many participants defaulted to using scissors or their teeth to make a tear.
Well, sometimes I find it really hard to open the packets.... And sometimes my hands aren't quite strong enough to make the original tear in them so I generally end up going and find a pair of scissors.
The only thing is the opening the packets sometimes, they don't pull open when you need it. I got some arthritis in my hands so some days it's hard.
Measure of Medication Adherence
As the MDS recorded medication adherence based on the assumption that users took their medications immediately after they dispensed the packets, some participants suggested that the MDS may not always be accurate in tracking adherence. MDS users may choose to administer the medications at a later time than it was dispensed, especially if a family member or caregiver dispensed medications on their behalf. 
Discussion
Following the perceptions of the participants, it can be concluded that the MDS was useful for supporting the management of and adherence to medications. Supports provided through pre-organized medications and reminders were convenient for participants and reduced psychological distress. Blister pack packaging is a widely used medication management method that pre-organizes medications and aims to help patients maintain their prescribed dosing schedules. 24 However, the blister pack packaging method alone does not support improved medication adherence. A systematic review concluded that blister pack packaging when combined with education and other reminder strategies may improve medication adherence. 24 The MDS used in this study provided that functionality, and perceived usefulness by most participants was mainly due to pre-organized medications and reminders. The MDS helped to maintain and improve individuals' daily routines and independence. The MDS had the functionality that allowed participants to dispense medications early. This contrasted with a previous study that reported mobility as an issue for some users. 18 However, this is explained by the fact that the medication dispensing technology used in the previous study did not provide the same early-dispensing flexibility as the MDS. With the current trend towards "aging in place" -to remain living independently in individuals' own community 25 -the portability of medications from the MDS and other medication management methods would be crucial for older adults to maintain their autonomy over time.
The perceptions of the participants demonstrated that the MDS was generally accepted by older adults taking multiple medications for their chronic conditions. Older adults tend to be late adopters of technology compared to their younger counterparts. 26 Thus, the simple and easy process of using an MDS was crucial for obtaining the high technology acceptance among users. Literature suggests that any anticipated concerns with security and privacy could be barriers to individual (and societal) acceptance and adoption of assistive technologies. [27] [28] [29] This is reflected by some participants' reports concerning the appearance of personal information on medication refill boxes and medication packets dispensed through the MDS. The demand for privacy and security by interview participants was somewhat expected as one study found females and healthy adults demanded higher standards compared to males and frail adults. 27 The associated pharmacies or technology companies may need to further cater product designs and placement of personal and medication-related information to fit both the security desire of patients and medication packaging standards. On the other hand, the physical presence of the MDS in common areas of homes may be perceived as a form of privacy violation because it creates an image of sickness for users and for others that see the device in users' homes. This challenge could be easily resolved by relocating the device to a private space. All participants highly recommended the system for others but believed it would be more useful for individuals with chronic conditions that physically or cognitively challenged them to adhere to their medications. Individuals with cognitive impairment are at a higher risk for medication non-adherence as cognitive ability and processes are needed for medication management. 30 A systematic review reported medication adherence among cognitively impaired individuals ranges from 10.7% to 38.0%. 30 The study demonstrated memory assistive devices (such as medication dispensing technologies) are used more often by cognitively impaired individuals and result in increased adherence. 30 Also, evironmental cues associated with the repetitive task of taking medication were reported to have contributed to increased adherence. 30 Therefore, the MDS or related technologies may be even more beneficial for these high-risk patients where audio and visual reminders provide repetitive environmental cues. Further, the MDS and related technologies should be targeted to consumers residing at supportive living facilities as these patients tend to have higher needs and care requirements. The post-study monthly out-of-pocket cost was perceived as a barrier for almost all participants, even for individuals that strongly believed they had a need for the technology. A study conducted on another medication dispensing technology also found cost as a barrier for future use and indicated one participant was in-favor of using the device if costs were covered. 17 Patients would have to evaluate if the extra cost is a better alternative to sorting medications, remembering to take medications, and experiencing negative consequences related to medication non-adherence. The findings from this study add value to the existing literature regarding future use and adoption of the MDS and related medication dispensing technologies. It is evident that the treatment of chronic conditions not only requires coordinated team-based care involving various healthcare providers but also includes the long-term use of pharmacotherapy. 3 It is known that 50% of chronic condition patients are non-adherent to their medication regimens, despite the overwhelming awareness of the benefits associated with medication adherence. 31 As the study findings and literature suggest, many participants miss their medication times unintentionally due to factors related to forgetfulness or busyness. 24 Based on the participants' perceptions and experiences, the MDS seems to be a valuable support system for users to optimize pharmacotherapy commitments and health benefits. This has significant implications for the healthcare system as nearly 10% of hospitalizations in older adults are caused by medication non-adherence. 32 The MDS or other related technologies should be utilized by the healthcare system to reduce medication-related non-adherence costs while promoting trends toward aging in place.
Product Design Improvements
A couple of areas of product design improvement arose in the interviews. The user-related challenge was that the dispensed medication plastic packets were not easy to open for most of the participants. Participants were mostly using scissors or their teeth to open the packets. A study investigated the relationship between blister pack design and utilization problems among older adults and determined that opening force and opening mechanism can have a significant impact on the usability of blister packs. 33 The manufacturers of the MDS should consider incorporating a small cutting blade that will cut the packets on the edge before dispensing medications. A few of the participants living with a spouse or a family member reported that their medications were dispensed by someone else to silence the alerts. The MDS assumed 100% adherence as soon as medications were dispensed. The manufacturers of the MDS can potentially enhance the safety and measurement of the system by only dispensing medications based on the finger-print scan of the registered user. In order to silence the system, there should be an option on the touch screen, such as "user not home", where reminders would be delayed for one or 2 hrs based on the second prompted question "when will the registered user be home?".
Limitation
First, the participants in the study were interviewed around a month after they started using the MDS. As the participants were in the early stages of technology adoption and usage, they might not have utilized the full features of the MDS. Moreover, the currently perceived benefits of the MDS could be a result of the Halo effect or participants' initial positive impression towards the product. Second, the participants were recruited from only one Family Care Clinic and the majority of its clientele was of low socioeconomic status. The perceptions related to system cost may vary based on socioeconomic status and financial situation. Third, the majority of the participants interviewed were Caucasian females. The literature suggests, in general, females are prescribed more medications than males and there is a significant difference between gender regarding medication use and adherence. 34 Likewise, gender variations in perceptions of the MDS may have influenced the results of the study regarding the acceptability of the MDS, in particular concerns related to privacy and security. Genderbased differences in medication use may contribute to poorer medication adherence for females, resulting in perceived higher need and benefits related to the MDS. Therefore, the current sample may not be representative of the population and individuals need to be cautious in generalizing the results.
Future Research Direction
The research team will be conducting interviews with the same participants 6 months after they started using the MDS to understand if the current positive experience is sustained and any new benefits and challenges of the technology. The RCT will provide quantitative evidence regarding the MDS's actual (rather than perceived) effectiveness in influencing patient medication adherence and health outcomes. Future research should examine diverse demographics to understand the different perceptions of the MDS, or lack thereof, and increase the generalizability of the results of the current study.
Conclusion
The MDS is an acceptable tool for improving medication adherence in older adults. The audio and visual alerts remind users to take medications on time and maintain consistent medication schedules. The technology supports complex care need patients to improve medication adherence while living independently in the community. With a few improvements to the current technology, the MDS has the potential to bring patient and system-level benefits.
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